Background Bizarre parosteal osteochondromatous proliferation (BPOP) is a benign lesion of bone, and numerous questions remain unresolved regarding its etiology, diagnosis, and treatment. Questions/purposes We present the Scottish Bone Tumour Registry experience of this rare lesion.
Introduction
BPOP is a rare benign lesion of bone originally described by Nora et al. [16] in 1983. In the original series, all lesions affected the tubular bones of the hands and feet. Subsequent reports however have identified lesions in the long bones, skull, pelvis, clavicle, maxilla, and the tibial sesamoid [1, 3, 9, 13, 19, 21, 24] . Lesions of the tubular bones of the hands and feet remain the most common, with the hand being affected four times more commonly than the foot [23] . BPOP has no gender predilection [16] and can occur at any age; however, most patients are 20 to 30 years old [8] .
It has been suggested BPOP represents a proliferative reaction secondary to periosteal trauma or ischemia [2] , and in 2001 Horiguchi et al. [11] identified the processes occurring in a BPOP lesion are similar to those of endochondral ossification in the normal growth plate, indicating a reactive/reparative process after periosteal injury. Dorfman and Czerniak [5] also suggested BPOP may in fact only be part of a spectrum of reactive lesions with differences being attributable to the degree of maturation, the ''unitary hypothesis'' [25] : florid reactive periostitis (FRP), then BPOP, and finally turret exostosis.
Against this theory is the inconsistent history of antecedent trauma [8] . It therefore was suggested by Zambrano et al. [26] that BPOP could represent a neoplastic process. Subsequent work by Nilsson et al. [15] and Endo et al. [6] supports this and suggests t(1;17) represents a distinct translocation point unique to BPOP, thereby excluding the unitary hypothesis.
Histologically, BPOP is composed of bone, cartilage, and a fibrous myxoid spindle cell stroma without cellular atypia [1, 16, 20] . The basal bony trabeculae are immature with high osteoblastic activity and uneven calcification. An irregular hypercellular cartilaginous cap containing large bizarre binucleate chondrocytes with patches of endochondral ossification that characteristically has a blue tinctorial quality covers this bone ( Fig. 1 ). Radiographically, BPOP classically presents as a ''well-marginated mass of heterotopic mineralization arising from the periosteal aspect of an intact cortex without medullary changes'' [4] . The natural architecture of the bone should be preserved and there should be no cortical flaring [16] . The soft tissues also should appear normal [8, 23] (Fig. 2 ). Owing to its rapid growth and bizarre appearance radiographically/histologically, the differential diagnosis is wide and includes ossifying hematoma, myositis ossificans, heterotopic ossification, soft tissue chondroma, juxtacortical chondroma, osteochondroma, parosteal/periosteal osteosarcoma, and periosteal chondrosarcoma [13, 20] . For lesions with a radiographic diagnosis of BPOP, marginal resection is the preferred treatment. This however results in a recurrence rate of 50% to 55% [13, 16] . There are no reported metastases.
As BPOP is an uncommon lesion, numerous issues remain unresolved. We undertook the first UK study of BPOP in an effort to answer the following questions: (1) Is trauma important in the etiology of BPOP? (2) Does BPOP represent a neoplastic lesion and if so what are the cytogenetic aberrations? (3) Is BPOP part of a continuum of lesions? (4) Is radiographic interpretation accurate enough to diagnose BPOP or is histology required? (5) Is marginal resection the treatment of choice?
Patients and Methods
We performed a retrospective analysis of Scottish Bone Tumour Registry (SBTR) records to identify cases of histologically confirmed BPOP. Between January 1983 and February 2009, 13 cases were identified. Using this database, we were able to gather patient data regarding: age at presentation, gender, symptoms, site of lesion, presence of antecedent trauma, method of treatment, presence of recurrence, and duration of followup (Table 1) .
Six patients were male and seven were female. Nine lesions affected the hand, three the foot, and one the tibial tuberosity ( Fig. 3 ). All patients presented with localized swelling. Pain was present in five and one patient also had paresthesia distal to the lesion. A history of trauma was apparent in two patients.
Marginal resection was the primary mode of treatment in 12 cases. In one case, the lesion was curetted as the definitive method of treatment.
There were seven local recurrences at a median of 2 years (range, 6 months-7 years). Six of the recurrent lesions were treated with aggressive local resection (five marginal and one wide local). One lesion was asymptomatic and so the patient declined further surgery. One lesion recurred a second time 14 months after revision surgery. This was treated with further aggressive marginal resection. There was no recurrence after the second resection. There were no reported metastatic lesions.
All radiographic images were reevaluated by a consultant musculoskeletal radiologist (DR) specifically looking for the site of the lesion, cortical involvement, periosteal reaction, intramedullary change, and soft tissue involvement ( Table 2) . Radiographs also were analyzed to identify whether they fit with the classic description of a BPOP as described by Dhondt et al. [4] .
All pathologic specimens were reevaluated by a consultant pathologist specializing in musculoskeletal oncology (EM). Histology specimens were sectioned at 3 lm and standard hematoxylin and eosin stains were used. Histology characteristically showed hypercellular cartilage with pleomorphism and calcification/ossification without atypia, bone undergoing maturation, and a spindle cell stroma. All specimens were confirmed as BPOP on histologic reevaluation ( Table 3 ). Cytogenetic analysis was performed on one lesion as a routine part of the patients' care. This involved culture of cells from the histologic specimen. Twenty-two G banded metaphases were available for light microscopy evaluation of chromosomes.
Patients were followed up for a median of 1 year (range, 0-5 years) after the last surgical resection.
An extensive literature review was performed using PubMed, MEDLINE, and Google Scholar. Search terms included ''bizarre parosteal osteochondromatous proliferation'' and ''Nora lesion.'' Exclusion criteria included no English translation available or no full text available.
Results
Antecedent trauma was identified in two patients. In both patients, the reported trauma was minor and therefore unlikely to induce periosteal reaction. We believe trauma is not significant in the etiology of BPOP.
Cytogenetic analysis of one of our lesions showed chromosomal abnormalities at chromosome 6 and chromosome 7 in 12 cells (pericentric inversion of Ch 6 between bands 6p25 and 6q15 and paracentric inversion of Ch 7 at bands 7q22.1 and 7q31.3). The remaining cells had a normal karyotype. This favors a neoplastic etiology, but as only one lesion had cytogenetic evaluation, our results are not conclusive.
None of the original or recurrent lesions showed evidence of progression from FRP to BPOP. All presented or represented as BPOP, suggesting BPOP is not part of a continuum of lesions.
Of the 13 lesions, seven fit the classic description of a BPOP and five did not. One lesion could not be diagnosed radiographically as the imaging was of poor quality and the cortex was ill-defined. Another lesion presented with no mineralization; however, calcification and cortical irregularity were present on a subsequent MR image. One lesion was present in an arthritic joint and this made radiographic diagnosis difficult. One lesion had cortical scalloping, again preventing a definitive radiographic diagnosis ( Fig. 4 ). One lesion initially appeared typical of BPOP; however, there was subsequent periosteal reaction on radiographs and an MRI scan showed cortical destruction and medullary edema, giving an atypical radiographic appearance ( Fig. 5 ). One lesion was present on the tibial tuberosity, and although it appeared typical, it was present in a site not previously identified in the literature. In our series, there were seven local recurrences (54%), including six lesions treated with marginal resection and one lesion curetted as the primary mode of treatment. Of the seven local recurrences, five were treated with an additional, more extensive marginal resection and one, which had cortical scalloping, was treated with wide local excision ( Fig. 6) . One lesion recurred a second time after marginal resection and this again was treated with an extensive marginal resection. The recurrent lesion with cortical scalloping did not subsequently recur. Marginal resection remains the preferred treatment for primary lesions; however, recurrent lesions may require more extensive resection.
We did not find any gender predilection and lesions were found to occur over a wide age range. The tubular bones of the hand represented the most common site.
Discussion
BPOP is a rare lesion, and as a result, there are numerous questions remaining unresolved regarding etiology, diagnosis, and treatment. We therefore retrospectively reviewed SBTR records from 1983 to 2009 to determine whether we could answer some of these questions. Apart from the original series by Nora et al. [16] (35 cases), a subsequent series by Meneses et al. [13] (65 cases), and a radiology-based series by Dhondt et al. [4] (24 cases), our study of 13 patients is the largest in the literature.
The major limitation of this study is that it is a retrospective case series; however, owing to the rarity of this lesion, it would be difficult to perform a prospective study. Another limitation of this study is that the SBTR relies on individual hospitals referring patients with a suspected primary bone tumor to this central registry. SBTR records therefore are dependent on local hospitals identifying such lesions and referring them appropriately.
Although Ly et al. [12] reported the case of a radiographically confirmed BPOP developing after injury, we do not believe trauma is an etiologic factor. In the original series of Nora et al. [16] , trauma was not identified in any patient. In our series, antecedent trauma was an inconsistent finding (\ 20%), and when present, it was minor and therefore unlikely to cause periosteal reaction.
We believe BPOP represents a neoplastic rather than reactive lesion. This is supported by Zambrano et al. [26] , who identified an abnormal karyotype in one lesion (Ch 12 additional ring chromosomes, Ch 7 trisomy) and nonclonal abnormalities of chromosomes 2, 8, and 14 in another. The finding of a distinct t(1;17)(q32;q21) balanced translocation by Nilsson et al. [15] and a t(1;17)(q42;p23) translocation by Endo et al. [6] also supports this theory. Only one of our lesions was evaluated with genetic testing and this revealed karyotypic abnormalities at chromosomes 6 and 7. This, we believe, favors a neoplastic etiology, although as trauma was present in this case, a reactive lesion inducing genetic abnormalities cannot be excluded. It has been suggested t(1;17) represents a distinct translocation point in BPOP [6] . As only one lesion in our series had cytogenetic studies performed, we are not able to comment further on the significance of our findings regarding a specific genetic abnormality characteristic of BPOP, but the abnormal karyotype we identified has not been reported previously, indicating BPOP may not result from one pathogenetically significant aberration, as suggested by Nilsson et al. [15] , or t(1;17) is not the only distinct translocation point, as suggested by Endo et al. [6] .
The finding of cytogenetic aberrations distinct to BPOP also supports the view that BPOP is not part of a spectrum of lesions, as suggested by Dorfman and Czerniak [5] . In contrast to this, Dhondt et al. [4] and Sundaram et al. [22] claim to have identified lesions that have progressed from FRP to BPOP radiographically, thus supporting the unitary hypothesis [25] . Histologic confirmation of the progression from FRP to BPOP is not present in either of these reports [4, 22] , and so we maintain BPOP does represent a distinct clinicopathologic entity. However, we are not able to prove or disprove this, as all patients presented and underwent excision biopsy as part of their investigation/treatment at the BPOP stage.
In agreement with Dhondt et al. [4] and Torreggiani et al. [23] , we believe radiology alone is sufficient to diagnose BPOP in typical cases (typical radiographic appearance and typical clinical findings). There are however radiographic reports in the literature of corticomedullary continuity [18] , cortical destruction [10] , and intramedullary inflammation [17] in histologically confirmed BPOP. We would recommend, if the clinical and radiographic appearances are typical and the site also is typical, then radiographic diagnosis is satisfactory. It may be the case that cross-sectional imaging such as CT scanning or MRI is required in cases where radiographs cannot exclude cortical involvement. If the lesion appears atypical on radiographs, we would, in agreement with Flint and McKay [7] , recommend cross-sectional imaging and histologic confirmation. For symptomatic lesions with a presumptive diagnosis of BPOP, marginal resection is the preferred treatment. With such treatment, the recurrence rate is high at 50% to 55% [13, 16] . This prompted Michelsen et al. [14] to suggest a more aggressive resection, including the pseudocapsule, periosteum, and decortication of underlying abnormal host bone. They believe this is responsible for their low recurrence rate of 10%. With a wide resection, segmental amputation may occur owing to the location of the lesion in the hands and feet [8] , and as this is a benign lesion, a balance needs to be struck between resection margin and function. Therefore, we would recommend a marginal resection as the first-line treatment for primary lesions. We subsequently would suggest a more aggressive resection in keeping with that suggested by Michelsen et al. [14] for recurrent lesions. Our more aggressive approach with recurrent lesions may explain our low rate of secondary recurrence after revision marginal resection (20%).
BPOP is a rare benign mass lesion of probable neoplastic origin that primarily affects the tubular bones of the hands and feet. A combination of radiographic and histologic diagnosis remains the gold standard. Current treatment involves marginal resection; however, patients should be counseled about the high likelihood of recurrence. 
